Six hundred and eighty two assessments were performed on 641 babies under 6 months of age who presented to the emergency department of the Royal Children's Hospital, Melbourne, to try and determine the best markers of serious illness in young infants. Detailed, specific questions that quantified a baby's functional response to illness gave the most useful information. As a group, the six most common predictive symptoms of serious illness were: taking less than half the normal amount of feed over the preceding 24 hours, breathing difficulty, having less than four wet nappies in the preceding 24 hours, decreased activity, drowsiness, and a history of being both pale and hot. The presence of the corresponding sign on examination increased the predictive value of the symptom by 10 Patients and methods A total of 641 babies under 6 months of age were enrolled in a prospective study when they presented with acute illnesses of less than 15 days' duration to the emergency department, Royal Children's Hospital, Melbourne on three days of each week for a year. The hospital acts as a primary, secondary, and tertiary referral centre, and over 70 000 children are assessed in the emergency department each year. A standardised initial assessment was performed by PHH that documented the nature of the presenting problem, and the presence or absence of 28 symptoms (table 1) and 46 signs. The symptoms were the variables identified by the parents on direct questioning, and the signs were the observations of-and findings onexamination of the baby by an experienced clinician (PHH) who also documented his initial impression of the degree of illness (normal, mild, moderate, or severe) after taking the history and carrying out the examination. If admission to hospital was thought likely, the admitting officer then assessed the baby and decided whether admission was necessary.
The relative importance of many signs and symptoms in young, ill infants remains uncertain. i-5 The multicentre study of postneonatal mortality suggested that serious illness may not be recognised by parents or doctors, 6 and Stanton et al highlighted 12 symptoms that seemed to be associated with sudden death.2 Controversy since then illustrates both the need for a systematic study of signs and symptoms in this age group, and validation of guidelines for parents and health workers responsible for the care of infants. 4 This paper presents a univariate analysis of the symptoms and signs of babies presenting to the Royal Children's Hospital, Melbourne, for assessment of possible illness. The initial aim was to determine the most predictive and sensitive markers of serious illness in babies under 6 months of age within the hospital.
Patients and methods A total of 641 babies under 6 months of age were enrolled in a prospective study when they presented with acute illnesses of less than 15 days' duration to the emergency department, Royal Children's Hospital, Melbourne on three days of each week for a year. The hospital acts as a primary, secondary, and tertiary referral centre, and over 70 000 children are assessed in the emergency department each year. A standardised initial assessment was performed by PHH that documented the nature of the presenting problem, and the presence or absence of 28 symptoms (table 1) and 46 signs. The symptoms were the variables identified by the parents on direct questioning, and the signs were the observations of-and findings onexamination of the baby by an experienced clinician (PHH) who also documented his initial impression of the degree of illness (normal, mild, moderate, or severe) after taking the history and carrying out the examination. If admission to hospital was thought likely, the admitting officer then assessed the baby and decided whether admission was necessary.
All infants who were admitted, and those who had rectal temperatures of >38-2°C, had a standard set of investigations carried out (full blood examination, estimation of concentrations of urea and electrolytes, acid base, blood cultures, microscopy and culture of the urinesuprapubic aspirate if possible), together with any special investigation deemed clinically necessary-for example, lumbar puncture, chest radiograph, or barium enema examination.
To determine the outcome of the illness, the hospital records of all infants who were admitted were reviewed independently after discharge by three experienced paediatricians (JMMcN, MJR, and DMR) and the severity of the illness was graded using a seven point score. They retrospectively classified the babies as having required (i) hospital treatment, (ii) hospital observation, or (iii) home (parental) observation or care. This review included all the medical and nursing notes, the results of investigations, and the diagnosis at discharge. The review was carried out without knowledge of the initial documentation of symptoms and signs done by PHH (which were kept separately) and without knowledge of each other's opinions. A small number of babies who were not admitted to hospital also had their Markers ofserious illness in infants under 6 months old presenting to a children's hospital 
Alternative definitions of serious illness
Because of the difficulty in defining absolute criteria (or a 'gold standard') for serious illness, the results using the index definition of serious illness were compared with results using alternative definitions of serious illness. These alternative definitions were:
(i) When two or more of the same three paediatricians independently scored the hospital record of the baby (after discharge) as indicating the need for hospital treatment (intravenous fluids, parenteral antibiotics, oxygen, or surgery).
(ii) When a baby had a seriously abnormal laboratory result (serum concentrations of sodium > 149 or < 128 mmol/l, bicarbonate >27 or <17 mmol/l, or urea >7 0 mmol/l; pH >7 49 or <7-28; haemoglobin concentration <80-0 g/l, white cell count >20xlO 9/1 (neutrophils >10 or <l x 10 9/1, band count >2 x 10 9/1); culture of blood, urine, or cerebrospinal fluid growing a pathogen; abnormal chest radiograph (for example, segmental opacification) or an abnormal barium enema examination).
(iii) When PHH had scored the baby as being severely ill in the emergency department after documenting all the symptoms and signs. (This outcome contributed to the index definition but was also used independently as an alternative definition.) STATISTICAL 
ANALYSIS
The demographic characteristics of the babies and the incidence and diagnostic measures (predictive values, sensitivity, and specificity) of each symptom and sign were determined (table  2) . 1 12 The diagnostic measures were initially calculated for the index definition of serious illness and these were then compared with those of each of the alternative definitions of serious illness. A checklist illustrating the relative risk of serious illness in the presence of various symptoms was developed. The most common (sensitive) predictive symptoms were also worked out.
Results

PATIENTS
Numbers and description Six hundred and eighty two assessments were (2) 33 (5) 267 (40) 234 (35) 27 (4) 48 (7) 15 (2) 65 (10) 42 (6) 30 (5) 170 (25) 34 (5) 68 (10) 293 (44) 225 (33) 73 (11) 15 (2) 28 (4) 15 (2) 10 (1) 20 (3) 312 (49) 111 (17) 64 (9) 55 (8) 65 (10) 58 (9) The frequency, predictive value, sensitivity, and specificity of each of the symptoms and signs using the index definition of serious illness are shown in tables 3 and 4.
The positive predictive values of each symptom and sign using the alternative outcome criteria were also calculated. Although the absolute value changed with each outcome criterion, it was found that the symptom's order of risk of serious illness remained the same. The main exception was that apnoea was thought to indicate a higher risk by the experienced paediatricians compared with the alternative outcome criteria.
SYMPTOMS OF LOWER, MEDIUM, AND HIGHER RISK FOR SERIOUS ILLNESS
The symptoms were graded into lower, medium, and higher risk categories by their predictive values. The cutoff level of the predictive value differed according to which outcome criterion was used, though the relative order of risk remained the same. Using the index definition (need for hospital observation), the medium to higher risk cutoff was set at 50%, and the lower medium risk cutoff was set at 35%. Checklists of lower, medium, and higher risk symptoms were thus developed, and are shown in tables 5 and 6. The predictive value of various pairs of symptoms in the medium risk group was calculated, and the combination with If babies with inguinal hernias are excluded, only one infant was considered to require admission to hospital but not have a symptom designated either medium or high risk. The mother was, however, thought to be unreliable and the final diagnosis was 'non-accidental injury'.
COMMON PREDICTIVE MARKERS OF ILLNESS
The six most common, predictive symptoms in the seriously ill infants were: drowsiness, breathing difficulty, decreased activity, taking less than half the normal feed in the previous 24 hours, having less than four wet nappies in the previous 24 hours, and feeling hot when looking pale. Using the index definition of serious illness, 88% of the ill infants had at least one of these symptoms (sensitivity 88%); the specificity was 55%, and the positive predictive value was 41%.
SIGNS ON EXAMINATION
The signs on examination that were recorded by PHH were 10% to 20% more predictive than the corresponding symptoms (table 4) .
The signs indicating the highest risk of admission to hospital (positive predictive value above 65%) were: respiratory-cyanosis, grunt, and moderatesevere recession; abdominaltenderness, palpable mass; central nervous system and arousal-decreased awareness or eye fixation, weak cry, or hypotonic posture; skincold calves, generalised pallor, sunken eyes or dry mucous membranes; and other: rectal temperature above 38-9°C. Discussion This is to our knowledge the first large, prospective study of acute symptoms and signs in young infants. The main impediment to such a study in the past has been the lack of generally The actual predictive values of the individual variables (and also of the checklist) are not relevant outside the hospital. It is likely, however, that the order of risk of symptoms will be similar in the community served by that hospital. Certainly, once they have attended the hospital the ability to compare the degree of risk for triage is useful. For example, 23% of infants were initially admitted to hospital. The presence of any symptom in the high risk column increases the risk of needing admission to 500/%-that is a positive predictive value of 50%. Thus by using the checklist within the hospital it is possible to more than double the rate of recognition of infants who need to be in hospital.
The low specificity of the common markers and the checklist should not be overinterpreted. The fact that some babies with these symptoms were not regarded as having serious illness does not necessarily mean the medical assessment was not warranted. Advice about management (including the need for review) are important reasons for asking medical opinion. In summary, by using clinically relevant definitions of serious illness, and with strict attention to detail, the most predictive and sensitive symptoms and signs of serious illness in babies presenting to a children's hospital have been determined. Further work needs to be carried out to ensure that these markers of serious illness are applicable in different communities with different observers. 
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